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Description

FIELD

[0001] The present invention relates to a lithographic
apparatus and a method for cleaning a lithographic ap-
paratus.

BACKGROUND

[0002] A lithographic apparatus is a machine that ap-
plies a desired pattern onto a substrate, usually onto a
target portion of the substrate. A lithographic apparatus
can be used, for example, in the manufacture of integrat-
ed circuits (ICs). In that instance, a patterning device,
which is alternatively referred to as a mask or a reticle,
may be used to generate a circuit pattern to be formed
on an individual layer of the IC. This pattern can be trans-
ferred onto a target portion (e.g. comprising part of, one,
or several dies) on a substrate (e.g. a silicon wafer).
Transfer of the pattern is typically via imaging onto a layer
of radiation-sensitive material (resist) provided on the
substrate. In general, a single substrate will contain a
network of adjacent target portions that are successively
patterned. Known lithographic apparatus include so-
called steppers, in which each target portion is irradiated
by exposing an entire pattern onto the target portion at
one time, and so-called scanners, in which each target
portion is irradiated by scanning the pattern through a
radiation beam in a given direction (the "scanning"-direc-
tion) while synchronously scanning the substrate parallel
or anti-parallel to this direction. It is also possible to trans-
fer the pattern from the patterning device to the substrate
by imprinting the pattern onto the substrate.
[0003] It has been proposed to immerse the substrate
in the lithographic projection apparatus in a liquid having
a relatively high refractive index, e.g. water, so as to fill
a space between the final element of the projection sys-
tem and the substrate. The point of this is to enable im-
aging of smaller features since the exposure radiation
will have a shorter wavelength in the liquid. (The effect
of the liquid may also be regarded as increasing the ef-
fective NA of the system and also increasing the depth
of focus.) Other immersion liquids have been proposed,
including water with solid particles (e.g. quartz) suspend-
ed therein.
[0004] However, submersing the substrate or sub-
strate and substrate table in a bath of liquid (see, for
example, United States patent no. 4,509,852) means that
there is a large body of liquid that must be accelerated
during a scanning exposure. This requires additional or
more powerful motors and turbulence in the liquid may
lead to undesirable and unpredictable effects.
[0005] One of the solutions proposed is for a liquid sup-
ply system to provide liquid on only a localized area of
the substrate and in between the final element of the
projection system and the substrate using a liquid con-
finement system (the substrate generally has a larger

surface area than the final element of the projection sys-
tem). One way which has been proposed to arrange for
this is disclosed in PCT patent application publication no.
WO 99/49504. As illustrated in Figures 2 and 3, liquid is
supplied by at least one inlet IN onto the substrate, pref-
erably along the direction of movement of the substrate
relative to the final element, and is removed by at least
one outlet OUT after having passed under the projection
system. That is, as the substrate is scanned beneath the
element in a -X direction, liquid is supplied at the +X side
of the element and taken up at the -X side. Figure 2 shows
the arrangement schematically in which liquid is supplied
via inlet IN and is taken up on the other side of the element
by outlet OUT which is connected to a low pressure
source. In the illustration of Figure 2 the liquid is supplied
along the direction of movement of the substrate relative
to the final element, though this does not need to be the
case. Various orientations and numbers of in- and out-
lets positioned around the final element are possible, one
example is illustrated in Figure 3 in which four sets of an
inlet with an outlet on either side are provided in a regular
pattern around the final element.
[0006] A further immersion lithography solution with a
localized liquid supply system is shown in Figure 4. Liquid
is supplied by two groove inlets IN on either side of the
projection system PL and is removed by a plurality of
discrete outlets OUT arranged radially outwardly of the
inlets IN. The inlets IN and OUT can be arranged in a
plate with a hole in its center and through which the pro-
jection beam is projected. Liquid is supplied by one
groove inlet IN on one side of the projection system PL
and removed by a plurality of discrete outlets OUT on
the other side of the projection system PL, causing a flow
of a thin film of liquid between the projection system PL
and the substrate W. The choice of which combination
of inlet IN and outlets OUT to use can depend on the
direction of movement of the substrate W (the other com-
bination of inlet IN and outlets OUT being inactive).
[0007] In European patent application publication no.
EP 1420300 and United States patent application publi-
cation no. US 2004-0136494, the idea of a twin or dual
stage immersion lithography apparatus is disclosed.
Such an apparatus is provided with two tables for sup-
porting a substrate. Leveling measurements are carried
out with a table at a first position, without immersion liquid,
and exposure is carried out with a table at a second po-
sition, where immersion liquid is present. Alternatively,
the apparatus has only one table.
[0008] Immersion liquid may lift debris or particles (e.g.
left over from the manufacturing process) from parts of
the lithographic apparatus and/or substrates or erode
components so as to introduce particles. This debris may
then be left behind on the substrate after imaging or may
interfere with the imaging while in suspension in the liquid
between the projection system and the substrate. Thus,
the issue of contamination should be addressed in an
immersion lithographic apparatus.
[0009] US 2006/0103818 discloses use of ultrasonic
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transducers for cleaning a substrate.
[0010] EP-A2-1,486,827 discloses an apparatus in ac-
cordance with the precharacterising section of claim 1.
[0011] US 2006/0028628 discloses use of megasonic
waves for eliminating bubbles in immersion liquid.
[0012] EP-A2-1, 777589, citable under Article 54(3)
EPC, discloses use of megasonic waves for cleaning a
portion of an immersion fluid retaining module.
[0013] JP 2006-032750 discloses an immersion litho-
graphic projection apparatus comprising an ultrasonic
transducer configured to clean a lower surface of the bot-
tom lens of the projection system

SUMMARY

[0014] It is desirable, for example, to provide a litho-
graphic apparatus which can easily and effectively be
cleaned as well as to provide a method for effectively
cleaning an immersion lithographic apparatus.
According to an aspect of the invention, there is provided
an immersion lithographic projection apparatus, compris-
ing: a substrate table constructed and arranged to hold
a substrate; a projection system configured to project a
patterned beam of radiation onto the substrate; a
megasonic transducer for producing megasonic waves
at a frequency of above 750 kHz, configured to clean a
surface; and a liquid supply system configured and ar-
ranged to supply liquid between the megasonic trans-
ducer and the surface to be cleaned, wherein said surface
is an underside surface of a liquid confinement system
which is constructed to provide liquid between the pro-
jection system and a substrate to be exposed, and where-
in the liquid supply system comprises a bath so that said
apparatus is constructed and arranged such that the
whole of the underside may be cleaned, the bath being
moveable to a cleaning position under the projection sys-
tem, so as to enclose the underside surface of said liquid
confinement system,characterized in that the liquid in the
bath has a certain level which is below the bottom of the
projection system but above a bottom surface of the liquid
confinement system.
[0015] A method of cleaning a surface of an immersion
lithographic projection apparatus, comprising: covering
the surface to be cleaned in liquid by supplying liquid
from a liquid supply system constructed and arranged to
supply liquid between a megasonic transducer and the
surface to be cleaned, the liquid supply system compris-
ing a bath, said bath being moved to a cleaning position
under the projection sytem, so as to enclose the under-
side surface of said liquid confinement system; introduc-
ing megasonic waves with a frequency of above 750 kHz
from the megasonic transducer into the liquid, wherein
said surface is an underside surface of a liquid confine-
ment system which is constructed to provide liquid be-
tween the projection system and a substrate to be ex-
posed, and that the whole of the underside of the surface
is cleaned; and wherein liquid in said bath has a certain
level of liquid being below the bottom of the projection

system but above a bottom surface of the liquid confine-
ment system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Embodiments of the invention will now be de-
scribed, by way of example only, with reference to the
accompanying schematic drawings in which correspond-
ing reference symbols indicate corresponding parts, and
in which:
[0017] Figure 1 depicts a lithographic apparatus ac-
cording to an embodiment of the invention;
[0018] Figures 2 and 3 depict a liquid supply system
for use in a lithographic projection apparatus;
[0019] Figure 4 depicts a another liquid supply system
for use in a lithographic projection apparatus;
[0020] Figure 5 depicts, in cross-section, another liquid
supply system for use in an immersion lithographic ap-
paratus;
[0021] Figure 6 illustrates, in cross-section, a first em-
bodiment of the present invention to clean a substrate
table;
[0022] Figure 7 illustrates, in cross-section, a second
embodiment of the present invention to clean a liquid
supply system; and
[0023] Figure 8 illustrates, in cross-section, a third em-
bodiment of the invention to clean a substrate table.

DETAILED DESCRIPTION

[0024] Figure 1 schematically depicts a lithographic
apparatus according to one embodiment of the invention.
The apparatus comprises: an illumination system (illumi-
nator) IL configured to condition a radiation beam B (e.g.
UV radiation or DUV radiation);
[0025] a support structure (e.g. a mask table) MT con-
structed to support a patterning device (e.g. a mask) MA
and connected to a first positioner PM configured to ac-
curately position the patterning device in accordance with
certain parameters;
[0026] a substrate table (e.g. a wafer table) WT con-
structed to hold a substrate (e.g. a resist-coated wafer)
W and connected to a second positioner PW configured
to accurately position the substrate in accordance with
certain parameters; and
[0027] a projection system (e.g. a refractive projection
lens system) PS configured to project a pattern imparted
to the radiation beam B by patterning device MA onto a
target portion C (e.g. comprising one or more dies) of the
substrate W.
[0028] The illumination system may include various
types of optical components, such as refractive, reflec-
tive, magnetic, electromagnetic, electrostatic or other
types of optical components, or any combination thereof,
for directing, shaping, or controlling radiation.
[0029] The support structure holds the patterning de-
vice in a manner that depends on the orientation of the
patterning device, the design of the lithographic appara-
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tus, and other conditions, such as for example whether
or not the patterning device is held in a vacuum environ-
ment. The support structure can use mechanical, vacu-
um, electrostatic or other clamping techniques to hold
the patterning device. The support structure may be a
frame or a table, for example, which may be fixed or mov-
able as required. The support structure may ensure that
the patterning device is at a desired position, for example
with respect to the projection system. Any use of the
terms "reticle" or "mask" herein may be considered syn-
onymous with the more general term "patterning device."
[0030] The term "patterning device" used herein
should be broadly interpreted as referring to any device
that can be used to impart a radiation beam with a pattern
in its cross-section such as to create a pattern in a target
portion of the substrate. It should be noted that the pattern
imparted to the radiation beam may not exactly corre-
spond to the desired pattern in the target portion of the
substrate, for example if the pattern includes phase-shift-
ing features or so called assist features. Generally, the
pattern imparted to the radiation beam will correspond
to a particular functional layer in a device being created
in the target portion, such as an integrated circuit.
[0031] The patterning device may be transmissive or
reflective. Examples of patterning devices include
masks, programmable mirror arrays, and programmable
LCD panels. Masks are well known in lithography, and
include mask types such as binary, alternating phase-
shift, and attenuated phase-shift, as well as various hy-
brid mask types. An example of a programmable mirror
array employs a matrix arrangement of small mirrors,
each of which can be individually tilted so as to reflect an
incoming radiation beam in different directions. The tilted
mirrors impart a pattern in a radiation beam which is re-
flected by the mirror matrix.
[0032] The term "projection system" used herein
should be broadly interpreted as encompassing any type
of projection system, including refractive, reflective, cat-
adioptric, magnetic, electromagnetic and electrostatic
optical systems, or any combination thereof, as appro-
priate for the exposure radiation being used, or for other
factors such as the use of an immersion liquid or the use
of a vacuum. Any use of the term "projection lens" herein
may be considered as synonymous with the more gen-
eral term "projection system".
[0033] As here depicted, the apparatus is of a trans-
missive type (e.g. employing a transmissive mask). Al-
ternatively, the apparatus may be of a reflective type (e.g.
employing a programmable mirror array of a type as re-
ferred to above, or employing a reflective mask).
[0034] The lithographic apparatus may be of a type
having two (dual stage) or more substrate tables (and/or
two or more support structures). In such "multiple stage"
machines the additional tables may be used in parallel,
or preparatory steps may be carried out on one or more
tables while one or more other tables are being used for
exposure.
[0035] Referring to Figure 1, the illuminator IL receives

a radiation beam from a radiation source SO. The source
and the lithographic apparatus may be separate entities,
for example when the source is an excimer laser. In such
cases, the source is not considered to form part of the
lithographic apparatus and the radiation beam is passed
from the source SO to the illuminator IL with the aid of a
beam delivery system BD comprising for example, suit-
able directing mirrors and/or a beam expander. In other
cases the source may be an integral part of the litho-
graphic apparatus, for example when the source is a mer-
cury lamp. The source SO and the illuminator IL, together
with the beam delivery system BD if required, may be
referred to as a radiation system.
[0036] The illuminator IL may comprise an adjuster AD
for adjusting the angular intensity distribution of the ra-
diation beam. Generally, at least the outer and/or inner
radial extent (commonly referred to as σ-outer and σ-
inner, respectively) of the intensity distribution in a pupil
plane of the illuminator can be adjusted. In addition, the
illuminator IL may comprise various other components,
such as an integrator IN and a condenser CO. The illu-
minator may be used to condition the radiation beam, to
have a desired uniformity and intensity distribution in its
cross-section.
[0037] The radiation beam B is incident on the pattern-
ing device (e.g., mask) MA, which is held on the support
structure (e.g., mask table) MT, and is patterned by the
patterning device. Having traversed the patterning de-
vice MA, the radiation beam B passes through the pro-
jection system PS, which focuses the beam onto a target
portion C of the substrate W. With the aid of the second
positioner PW and position sensor IF (e.g. an interfero-
metric device, linear encoder or capacitive sensor), the
substrate table WT can be moved accurately, e.g. so as
to position different target portions C in the path of the
radiation beam B. Similarly, the first positioner PM and
another position sensor (which is not explicitly depicted
in Figure 1) can be used to accurately position the pat-
terning device MA with respect to the path of the radiation
beam B, e.g. after mechanical retrieval from a mask li-
brary, or during a scan. In general, movement of the sup-
port structure MT may be realized with the aid of a long-
stroke module (coarse positioning) and a short-stroke
module (fine positioning), which form part of the first po-
sitioner PM. Similarly, movement of the substrate table
WT may be realized using a long-stroke module and a
short-stroke module, which form part of the second po-
sitioner PW. In the case of a stepper (as opposed to a
scanner) the support structure MT may be connected to
a short-stroke actuator only, or may be fixed. Patterning
device MA and substrate W may be aligned using pat-
terning device alignment marks M1, M2 and substrate
alignment marks P1, P2. Although the substrate align-
ment marks as illustrated occupy dedicated target por-
tions, they may be located in spaces between target por-
tions (these are known as scribe-lane alignment marks).
Similarly, in situations in which more than one die is pro-
vided on the patterning device MA, the patterning device
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alignment marks may be located between the dies.
[0038] The depicted apparatus could be used in at
least one of the following modes:
[0039] 1. In step mode, the support structure MT and
the substrate table WT are kept essentially stationary,
while an entire pattern imparted to the radiation beam is
projected onto a target portion C at one time (i.e. a single
static exposure). The substrate table WT is then shifted
in the X and/or Y direction so that a different target portion
C can be exposed. In step mode, the maximum size of
the exposure field limits the size of the target portion C
imaged in a single static exposure.
[0040] 2. In scan mode, the support structure MT and
the substrate table WT are scanned synchronously while
a pattern imparted to the radiation beam is projected onto
a target portion C (i.e. a single dynamic exposure). The
velocity and direction of the substrate table WT relative
to the support structure MT may be determined by the
(de-)magnification and image reversal characteristics of
the projection system PS. In scan mode, the maximum
size of the exposure field limits the width (in the non-
scanning direction) of the target portion in a single dy-
namic exposure, whereas the length of the scanning mo-
tion determines the height (in the scanning direction) of
the target portion.
[0041] 3. In another mode, the support structure MT is
kept essentially stationary holding a programmable pat-
terning device, and the substrate table WT is moved or
scanned while a pattern imparted to the radiation beam
is projected onto a target portion C. In this mode, gener-
ally a pulsed radiation source is employed and the pro-
grammable patterning device is updated as required after
each movement of the substrate table WT or in between
successive radiation pulses during a scan. This mode of
operation can be readily applied to maskless lithography
that utilizes programmable patterning device, such as a
programmable mirror array of a type as referred to above.
[0042] Combinations and/or variations on the above
described modes of use or entirely different modes of
use may also be employed.
[0043] Another immersion lithography solution with a
localized liquid supply system solution which has been
proposed is to provide the liquid supply system with a
barrier member which extends along at least a part of a
boundary of the space between the final element of the
projection system and the substrate table. Such a solu-
tion is illustrated in Figure 5. The barrier member is sub-
stantially stationary relative to the projection system in
the XY plane though there may be some relative move-
ment in the Z direction (in the direction of the optical axis).
In an embodiment, a seal is formed between the barrier
member and the surface of the substrate and may be a
contactless seal such as a gas seal.
[0044] The barrier member 12 at least partly contains
liquid in the space 11 between a final element of the pro-
jection system PS and the substrate W. A contactless
seal 16 to the substrate may be formed around the image
field of the projection system so that liquid is confined

within the space between the substrate surface and the
final element of the projection system. The space is at
least partly formed by the barrier member 12 positioned
below and surrounding the final element of the projection
system PS. Liquid is brought into the space below the
projection system and within the barrier member 12 by
liquid inlet 13 and may be removed by liquid outlet 13.
The barrier member 12 may extend a little above the final
element of the projection system and the liquid level rises
above the final element so that a buffer of liquid is pro-
vided. The barrier member 12 has an inner periphery that
at the upper end, in an embodiment, closely conforms to
the shape of the projection system or the final element
thereof and may, e.g., be round. At the bottom, the inner
periphery closely conforms to the shape of the image
field, e.g., rectangular though this need not be the case.
[0045] The liquid is contained in the space 11 by a gas
seal 16 which, during use, is formed between the bottom
of the barrier member 12 and the surface of the substrate
W. The gas seal is formed by gas, e.g. air or synthetic
air but, in an embodiment, N2 or another inert gas, pro-
vided under pressure via inlet 15 to the gap between
barrier member 12 and substrate and extracted via outlet
14. The overpressure on the gas inlet 15, vacuum level
on the outlet 14 and geometry of the gap are arranged
so that there is a high-velocity gas flow inwards that con-
fines the liquid. Those inlets/outlets may be annular
grooves which surround the space 11 and the flow of gas
16 is effective to contain the liquid in the space 11. Such
a system is disclosed in United States patent application
publication no. US 2004-0207824.
[0046] As noted above, an immersion lithographic ap-
paratus is one in which a substrate is imaged through
liquid. That is, an immersion liquid is provided between
a final element of the projection system PS and the sub-
strate. This arrangement may pose one or more partic-
ular problems. In particular, the liquid should be confined
in the apparatus and also the liquid should be kept as
free as possible of foreign object particles which may
cause defects during imaging and/or by being left on the
substrate surface after imaging and prior to downstream
processing. Sometimes the immersion liquid includes
particles in suspension deliberately.
[0047] The invention addresses the problem of foreign
object particles by providing an apparatus and a method
to clean an immersion lithographic projection apparatus
in which a cleaning liquid is applied to the surface to be
cleaned and megasonic waves are introduced into the
liquid to clean the surface. The cleaning liquid may or
may not be the same as the immersion liquid. It could,
for example, be ultra pure water.
[0048] Compared to ultrasonic waves, megasonic
waves produce cavitation bubbles (which implode or vi-
brate) which are very small and therefore may go very
close to the surface to be cleaned. However, there is a
limit to the amount of energy which may be introduced
into the liquid using megasonics. Generally whereas ul-
trasonic energy may be introduced into a liquid anywhere
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and will be distributed throughout the liquid, megasonic
energy is only locally high and must therefore be directed
directly to the surface to be cleaned. That is, a direct path
(line of sight/straight) must be present between the trans-
ducer introducing the megasonic waves and the surface
to be cleaned. The whole length of that path should be
filled with liquid.
[0049] Megasonic frequencies are generally regarded
to be between 750 kHz to 3 MHz. For the present pur-
poses frequencies of above about 750 kHz, above 1 MHz
or above 1.5 MHz are used.
[0050] A stagnant boundary layer in the cleaning fluid
near the surface of an object to be cleaned becomes
thinner as frequency of the introduced sonic energy is
increased. At megasonic frequencies cleaning is partly
accomplished by acoustic streaming with high velocity
pressure waves in the cleaning fluid as well as bubble
vibration and, to a lesser extent cavitation and bubble
bursting.
[0051] At megasonic frequencies, particles of less than
0.5 Pm in diameter may be removed without damage to
the surface being cleaned. As mentioned above, there
must be a clear path from the transducer to the surface
being cleaned (line of sight). In order to further increase
the cleaning efficiency, gas may be dissolved into the
liquid to promote cavitation (bubble formation). Suitable
gases are nitrogen, carbon dioxide or oxygen but other
gases may also be suitable such as ozone, or hydrogen
(containing water). The use of a surfactant in the liquid
can further enhance cleaning efficiency. Other possibil-
ities to enhance cleaning efficiency include using a de-
tergent or a solvent in the cleaning liquid or adding H2O2
solution.
[0052] Objects which one might want to clean in an
immersion lithographic apparatus include, but not limited
to, the substrate table WT which supports the substrate
W (its top surface), the final element of the projection
system PS which is immersed in immersion liquid during
imaging and parts of the liquid confinement system (for
example those illustrated in Figures 2-5) which provides
liquid between the final element of the projection system
PS and the substrate W during imaging.
[0053] In an embodiment, a liquid supply system is pro-
vided to provide liquid between a megasonic transducer
and the surface to be cleaned. In the embodiment, the
liquid supply system provides a flow of liquid so that liquid
is removed as the surface is cleaned such that particles
removed from the surface are carried away. One suitable
liquid is water in an ultra pure form. However, other types
of liquid may be suitable. Furthermore, an addition to the
liquid such as a surfactant as mentioned above may also
have an advantage. Other cleaning liquids are water/hy-
drogen peroxide, water/ethanol, water/iso-propylalcohol
(IPA), water/ammonia or water/acetone mixtures, for ex-
ample. Other chemicals which may be useful as an ad-
dition include TMAH and SC-1 or SC-2.
[0054] One reason for introducing gas (or some sol-
vents) into the liquid is that this promotes stable cavita-

tion. This results in stable bubbles being formed in the
liquid. These bubbles are then vibrated by the megasonic
waves which results in cleaning which is likely to do less
damage to the surface being cleaned than so called tran-
sient cavitation which is cavitation where a solvent evap-
orates into a bubble and then implodes or collapses.
These violent implosions may lead to damage of the sur-
face and are typically seen at ultrasonic frequencies and
are less significant at megasonic frequencies where the
bubbles produced tend to be smaller than those pro-
duced at ultrasonic frequencies. However, as noted
above, the megasonic waves need to be supplied in line
of sight of the surface they are to clean.
[0055] A process time up to 100 seconds may lead to
a particle removal efficiency of up to 100% at a frequency
of about 1 MHz. If the acoustic frequency exceeds much
more than 3 MHz the particle removal efficiency is dra-
matically decreased over a frequency of just above 1
MHz. The introduction of gas into the liquid has a major
effect on the particle removal efficiency. Removal of 34
nm diameter SiO2 particles may increase from zero re-
moval efficiency to 30% removal efficiency with the in-
troduction of oxygen at a level of 20 ppm into the liquid.
Thus, a gas concentration of above about 5 ppm can be
useful.
[0056] Temperature may also be important and a bal-
ance should be drawn between faster reaction time at a
high temperature (say 55°C) over less gas being dis-
solved at a high temperature.
[0057] There is also an effect of the pH of the liquid.
At low pH, there are many H+ ions in the liquid which
results in a positive surface charge. Similarly, at high pH
the liquid contains many OH- ions which results in a neg-
ative surface charge. Therefore ensuring that the pH of
the liquid is distant from pH 7 ensures that re-deposition
of particles after they have been removed does not occur.
Moreover, the electrostatic repulsion between the parti-
cle and the surface when both are charged equally (either
positively or negatively) assists in lifting the particle from
the surface.
[0058] The power of the transducer should be between
0.2 and 5 W/cm2, the irradiation distance should be be-
tween 5 and 20 mm and a cleaning time should be be-
tween 10 and 90 seconds. For the acoustic waves from
the megasonic transducer to travel a direct path to the
surface to be cleaned from the megasonic transducer,
several designs are proposed to clean different parts of
the immersion lithographic apparatus.
[0059] A system is illustrated in Figure 6 which may be
used, for instance, to clean a top surface of a substrate
table WT. In this system the liquid supply system com-
prises a barrier member 12 which surrounds a transducer
20. The barrier member 12 could be similar to that of the
liquid confinement system of Figure 5 in that it comprises
a gas seal device 14, 15 to create a seal between the
bottom of the barrier member 12 and the top surface of
the substrate table WT using a flow of gas 16. The trans-
ducer 20 which fits inside the barrier member 12 may
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thereby be positioned very close to the surface of the
substrate table WT. This is an advantage because the
transducer 20 should be quite small in order to fit inside
the barrier member 12 and therefore should be posi-
tioned relatively close to the top surface of the substrate
table WT being cleaned (because it has low power). In
an embodiment, the megasonic transducer 20 is less
than 1.5 mm or less than 1.6 mm away from the surface
it is cleaning. A flow of liquid is provided across the barrier
member 12 and the bottom of the transducer 20 is cov-
ered in liquid.
[0060] The substrate table WT and/or the barrier mem-
ber 12 and transducer 20 are moved relative to the other
so that all of the top surface of the substrate table WT
may be cleaned. The cleaning could take place within
the lithographic apparatus in an automated way or could
be carried out manually bypassing the barrier member
12 and transducer 20 over the top surface of the substrate
table WT by hand or by some tooling.
[0061] If the cleaning process is automated, one way
of arranging for this is to provide the barrier member 12
and transducer 20 arrangement to be moveable from a
stationary store position to a (stationary) clean position
and to move the substrate table WT relative to the trans-
ducer 20 when the transducer is in the (stationary) clean
position. The substrate table WT may need to be moved
in the Z axis prior to activation of the liquid supply system
of the cleaning device. Once the gas flow 16 has been
created the barrier member 12 is supplied with liquid and
the substrate table WT is moved in the X-Y plane so that
the surfaces which are desired to be cleaned can be
cleaned.
[0062] Figure 7 illustrates an embodiment which is
used in order to clean a liquid confinement system LCS,
such as one illustrated in Figures 2-5, which is positioned
around the final element of the projection system PS. In
Figure 7 a liquid confinement system in accordance with
that shown in Figure 5 is illustrated as an example.
[0063] In this embodiment a moveable bath 50 is pro-
vided which has on its bottom surface a megasonic trans-
ducer 20. The megasonic transducer 20 of the embodi-
ment may be larger than the megasonic transducer of
the first embodiment because there are no particular size
constraints. Thus, the distance between the megasonic
transducer and the surface to be cleaned (the bottom
surface of the liquid confinement system) can be made
larger and up to 50 mm. In an embodiment, the distance
is less than 40 mm or less than 30 mm.
[0064] A controller controls the position of the bath 50
which is moveable between a store position and a clean-
ing position (as illustrated) and which controls the level
of fluid in the bath 50. In one embodiment the level of
liquid is controlled so as to cover the bottom surface of
the liquid confinement system LCS but not to cover the
final element of the projection system PS. Thus, the gap
75 is not filled with liquid. This is to protect the final ele-
ment of the projection system from the sonic waves
and/or the cleaning liquid which could damage it. Addi-

tionally or alternatively, a shield (perhaps in the form of
a plate) may be used to shield the final element of the
projection system from megasonic waves and/or liquid.
This bath arrangement may be used to clean the final
element of the projection system PS and in which case
the controller increases the level of liquid in the bath 50
so that the final element of the projection system PS is
covered in liquid.
[0065] In the embodiment illustrated in Figure 7, the
bath 50 and/or transducer 20 may be moveable relative
to the projection system PS in the cleaning position and
liquid confinement system LCS such that the whole under
surface of the liquid confinement system LCS may be
cleaned. Of course, this need not be implemented if the
transducer 20 is large enough to clean the whole bottom
surface of the liquid confinement system LCS (or just a
desired portion thereof) without being moved.
[0066] Figure 8 illustrates another system, which is
used to clean, for example, the top surface of the sub-
strate table WT, the substrate table WT is provided with
a retractable barrier 80 which, in its clean position ex-
tends above and around the top surface of the substrate
table WT to be cleaned. Once the barrier 80 has been
raised to its cleaning position liquid can be provided on
the surface to be cleaned and a megasonic transducer
20 can be moved over the surface of the substrate table
WT (with the bottom surface of the transducer 20 covered
by liquid) and/or the substrate table WT may be moved
under the transducer 20, thereby to clean the top surface
of the substrate table WT. Of course a similar system is
possible where the barrier 80 is not retractable and is
permanently attached to the substrate table WT or is a
removable part. The transducer 20 could be fixed or
moveable (particularly in the Z direction) and/or also
moveable in the X/Y axis during the cleaning operation.
[0067] When the top surface of the substrate table WT
is cleaned, it is also possible to clean at the same time
one or more sensors provided on the top surface of the
substrate table WT. Examples of types of sensors include
a transmission image sensor, a lens interferometer,
and/or a spot sensor.
[0068] In an embodiment, it may be useful to ensure
that the acoustic waves produced by the transducer im-
pinge at 90° onto the surface to be cleaned. For this pur-
pose, a micrometer may be provided to adjust the tilt of
the transducer 20 relative to the surface to be cleaned.
In an embodiment, it may be advantageous to provide
the transducer tilted relative to the surface and again,
this can be adjusted using a micrometer. A micrometer
may also be used to adjust the distance from the trans-
ducer to the surface to be cleaned. In all embodiments,
a flow of liquid across the distance between the trans-
ducer and the surface to be cleaned is desirable though
not essential.
[0069] The above described megasonic cleaner is well
suited to removing particles from a surface. However,
once those particles have been removed they sometimes
re-attach themselves to a surface unless the liquid in
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which the particles are suspended is quickly moved
away. Therefore, it is desirable to provide a flow of liquid
between the megasonic transducer and the surface be-
ing cleaned. In particular, it is desirable to design the
apparatus such that there are no locations of zero flow
velocity (stagnant zones).
[0070] Another way to prevent or at least reduce re-
attachment of the particles to the surface is to change
the properties of the liquid between the transducer and
the surface to ensure that the zeta potential of the parti-
cles and the zeta potential of the surface is such that the
particles are not attracted to the surface, preferably such
that they are repelled from the surface.
[0071] The zeta potential is the potential of a surface
in a liquid. The zeta potential generally decreases with
distance from the surface. A given type of material has
a given zeta potential for a particular type of liquid. One
way of varying the zeta potential of a surface is to change
the concentration of electrolyte in the liquid and another
method to change the zeta potential is to change the pH
of the liquid. By careful selection of the concentration of
electrolyte in the liquid (e.g. salt) or the pH of the liquid,
(i) the zeta potential of the surface from which the parti-
cles are removed (and/or any other surface where ad-
herence is to be avoided) and (ii) the zeta potential of the
particles can be chosen. Preferably those two zeta po-
tentials are chosen such that they have the same polarity
and thereby repel.
[0072] The pH of the liquid and/or concentration of the
electrolyte chosen with a knowledge of the material from
which the surface which is being cleaned is made and
with a knowledge of the type of material the particles are
likely to be made. If the materials are the same, then it
should easy to select a pH or electrolyte concentration
at which the zeta potential is non zero for both the surface
and the particle. In that circumstance the potential would
be either positive or negative for both the surface and
the particle such that they would repel one another and
the particles would be unlikely to re-adhere to the surface.
If the materials are different, pH or electrolyte concentra-
tion may be harder to choose, but it is likely that there
will be at least one pH and/or concentration at which the
zeta potential will have the same polarity for both mate-
rials.
[0073] Because changing the pH of the liquid may have
a negative impact on the solubility of materials, which
can itself result in contamination or loss of material in-
tegrity, it is preferred to change the electrolyte concen-
tration. If this is done by adding salt (NaCl) then this does
not greatly effect the pH of the liquid (i.e. the liquid re-
mains neutral).
[0074] The use of all the above techniques in combi-
nation (in particular changing pH and electrolyte concen-
tration to change zeta potentials and the use of a sur-
factant) may be the best approach.
[0075] Although specific reference may be made in this
text to the use of lithographic apparatus in the manufac-
ture of ICs, it should be understood that the lithographic

apparatus described herein may have other applications,
such as the manufacture of integrated optical systems,
guidance and detection patterns for magnetic domain
memories, flat-panel displays, liquid-crystal displays
(LCDs), thin-film magnetic heads, etc. The skilled artisan
will appreciate that, in the context of such alternative ap-
plications, any use of the terms "wafer" or "die" herein
may be considered as synonymous with the more gen-
eral terms "substrate" or "target portion", respectively.
The substrate referred to herein may be processed, be-
fore or after exposure, in for example a track (a tool that
typically applies a layer of resist to a substrate and de-
velops the exposed resist), a metrology tool and/or an
inspection tool. Where applicable, the disclosure herein
may be applied to such and other substrate processing
tools. Further, the substrate may be processed more than
once, for example in order to create a multi-layer IC, so
that the term substrate used herein may also refer to a
substrate that already contains multiple processed lay-
ers.
[0076] The terms "radiation" and "beam" used herein
encompass all types of electromagnetic radiation, includ-
ing ultraviolet (UV) radiation (e.g. having a wavelength
of or about 365, 248, 193, 157 or 126 nm).
[0077] The term "lens", where the context allows, may
refer to any one or combination of various types of optical
components, including refractive and reflective optical
components.
[0078] While specific embodiments of the invention
have been described above, it will be appreciated that
the invention may be practiced otherwise than as de-
scribed. For example, the invention may take the form of
a computer program containing one or more sequences
of machine-readable instructions describing a method as
disclosed above, or a data storage medium (e.g. semi-
conductor memory, magnetic or optical disk) having such
a computer program stored therein.
[0079] One or more arrangements described herein
may be applied to any immersion lithography apparatus,
in particular, but not exclusively, those types mentioned
above and whether the immersion liquid is provided in
the form of a bath or only on a localized surface area of
the substrate. A liquid supply system as contemplated
herein should be broadly construed. In certain embodi-
ments, it may be a mechanism or combination of struc-
tures that provides a liquid to a space between the pro-
jection system and the substrate and/or substrate table.
It may comprise a combination of one or more structures,
one or more liquid inlets, one or more gas inlets, one or
more gas outlets, and/or one or more liquid outlets that
provide liquid to the space. In an embodiment, a surface
of the space may be a portion of the substrate and/or
substrate table, or a surface of the space may completely
cover a surface of the substrate and/or substrate table,
or the space may envelop the substrate and/or substrate
table. The liquid supply system may optionally further
include one or more elements to control the position,
quantity, quality, shape, flow rate or any other features
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of the liquid.
[0080] The immersion liquid used in the apparatus may
have different compositions, according to the desired
properties and the wavelength of exposure radiation
used. For an exposure wavelength of 193nm, ultra pure
water or water-based compositions may be used and for
this reason the immersion liquid is sometimes referred
to as water and water-related terms such as hydrophilic,
hydrophobic, humidity, etc. may be used.
[0081] The descriptions above are intended to be illus-
trative, not limiting. Thus, it will be apparent to one skilled
in the art that modifications may be made to the invention
as described without departing from the scope of the
claims set out below.

Claims

1. An immersion lithographic projection apparatus,
comprising:

a substrate table constructed and arranged to
hold a substrate;
a projection system configured to project a pat-
terned beam of radiation onto the substrate;
a megasonic transducer for producing
megasonic waves at a frequency of above
750kHz, configured to clean a surface,; and
a liquid supply system constructed and arranged
to supply liquid between the megasonic trans-
ducer and the surface to be cleaned, wherein
said surface is an underside surface of a liquid
confinement system which is constructed to pro-
vide liquid between the projection system and a
substrate to be exposed, and wherein the liquid
supply system comprises a bath so that said ap-
paratus is constructed and arranged such that
the whole of the underside may be cleaned, the
bath being moveable to a cleaning position un-
der the projection system, so as to enclose the
underside surface of said liquid confinement
system,
characterized in that the liquid in the bath has
a certain level which is below the bottom of the
projection system but above a bottom surface
of the liquid confinement system.

2. The apparatus of claim 1, wherein the megasonic
transducer has a frequency of above 1 MHz.

3. The apparatus of any one of the preceding claims,
wherein the liquid supply system is constructed and
arranged to provide a flow of liquid over the surface.

4. The apparatus of any one of the preceding claims,
wherein the megasonic transducer is positioned, in
a cleaning mode, to face the surface such that sonic
waves are directed in a line of sight path to the sur-

face to be cleaned.

5. The apparatus of any preceding claim further com-
prising a controller configured to fill the bath with liq-
uid to the certain level.

6. The apparatus of claim 5, wherein the megasonic
transducer is positioned in a bottom of the bath to
induce sonic waves, directed away from the bottom
of the bath, in liquid in the bath.

7. The apparatus of any one of the preceding claims,
wherein the megasonic transducer is moveable rel-
ative to the surface.

8. The apparatus of any one of the preceding claims,
further comprising a shield to shield an optical ele-
ment of the projection system from megasonic
waves, liquid, or both.

9. The apparatus of any one of the preceding claims,
further comprising a pump for creating a flow of said
liquid between said megasonic transducer and the
surface to be cleaned.

10. The apparatus of any one of the preceding claims,
wherein said liquid supply apparatus comprises a
controller for controlling the pH and/or concentration
of electrolyte in said liquid.

11. The apparatus of any preceding claim, wherein, the
megasonic transducer is moveable relative to the
surface such that, in a cleaning mode, a direct
straight path through liquid exists between the
megasonic transducer and the surface; and in the
cleaning mode, the megasonic transducer and the
surface face each other at a distance of less than 50
mm.

12. The apparatus of any one of the preceding claims,
further comprising a gas supply configured to intro-
duce gas into the liquid.

13. The apparatus of claim 12, wherein the gas is se-
lected from the group: N2, CO2,O2, O3, H2 contain-
ing water or a mixture of these gases.

14. The apparatus of any one of the preceding claims,
further comprising a surfactant supplier to supply
surfactant to the liquid and/or a hydrogen peroxide
supplier to supply H2O2 to the liquid.

15. The apparatus of the preceding claims, wherein the
megasonic transducer has a frequency of 3 MHz or
less.

16. A method of cleaning a surface of an immersion lith-
ographic projection apparatus, comprising:

15 16 



EP 1 860 507 B1

10

5

10

15

20

25

30

35

40

45

50

55

covering the surface to be cleaned in liquid by
supplying liquid from a liquid supply system con-
structed and arranged to supply liquid between
a megasonic transducer and the surface to be
cleaned, the liquid supply system comprising a
bath, said bath being moved to a cleaning posi-
tion under the projection sytem, so as to enclose
the underside surface of said liquid confinement
system;
introducing megasonic waves with a frequency
of above 750 kHz from the megasonic transduc-
er into the liquid, wherein said surface is an un-
derside surface of a liquid confinement system
which is constructed to provide liquid between
the projection system and a substrate to be ex-
posed so that the whole of the underside of the
surface is cleaned; and
wherein liquid in said bath has a certain level of
liquid being below the bottom of the projection
system but above a bottom surface of the liquid
confinement system.

17. The method of claim 16, wherein the megasonic
waves have a frequency of above about 1 MHz.

18. The method of claim 16 or 17, wherein the megason-
ic waves are introduced using a megasonic trans-
ducer and comprising moving the megasonic trans-
ducer relative to the surface to be cleaned.

19. The method of any one of claims 16-18, wherein the
megasonic waves are introduced using a megasonic
transducer and further comprising tilting said
megasonic transducer such that said megasonic
waves impinge at a user defined angle to the surface
to be cleaned.

20. The method of claim 19, wherein the megasonic
waves impinge perpendicularly to the surface to be
cleaned.

21. The method of any one of claims 16-20, comprising
moving the liquid covering the surface to be cleaned
over the surface.

22. The method of any one of claims 16-21, comprising
positioning the megasonic transducer, in a cleaning
mode, to face the surface such that the megasonic
waves are directed in a line of sight path to the sur-
face to be cleaned.

23. The method of any one of claims 16-22, further com-
prising introducing gas into the liquid.

24. The method of any one of claims 16-23, further com-
prising introducing a surfactant into the liquid.

25. The method of any one of claims 16-24, further com-

prising moving said liquid between said surface to
be cleaned and said megasonic transducer.

26. The method of any one of claims 16-25, further com-
prising providing the liquid at a pre-determined pH
and/or with a concentration of an electrolyte.

27. The method of claim 26, wherein the pre-determined
pH and/or concentration is such that the zeta poten-
tial of said surface to he cleaned and particles on
said surface to be removed is not of different polarity.

Patentansprüche

1. Ein immersionslithographisches Projektionsgerät,
das Folgendes beinhaltet:

einen Substrattisch, der konstruiert und einge-
richtet ist, um ein Substrat zu halten;
ein Projektionssystem, das konfiguriert ist, um
einen gemusterten Strahl aus Strahlung auf das
Substrat zu projizieren;
einen Megaschallwandler zum Produzieren von
Megaschallwellen mit einer Frequenz von über
750 kHz, konfiguriert, um eine Oberfläche zu rei-
nigen; und
ein Flüssigkeitszuführsystem, das konstruiert
und eingerichtet ist, um Flüssigkeit zwischen
dem Megaschallwandler und der zu reinigenden
Oberfläche zuzuführen, wobei die Oberfläche
eine Unterseitenoberfläche eines Flüssigkeits-
begrenzungssystems ist, das konstruiert ist, um
zwischen dem Projektionssystem und einem zu
belichtenden Substrat Flüssigkeit bereitzustel-
len, und wobei das Flüssigkeitszuführsystem
ein Bad beinhaltet, so dass das Gerät so kon-
struiert und eingerichtet ist, dass die ganze Un-
terseite gereinigt werden kann, wobei das Bad
zu einer Reinigungsposition unter dem Projek-
tionssystem bewegbar ist, um die Unterseiten-
oberfläche des Flüssigkeitsbegrenzungssy-
stems zu umgeben,
dadurch gekennzeichnet, dass die Flüssig-
keit in dem Bad eine gewisse Höhe aufweist, die
unter dem Boden des Projektionssystems, aber
über einer Bodenoberfläche des Flüssigkeitsbe-
grenzungssystems liegt.

2. Gerät gemäß Anspruch 1, wobei der Megaschall-
wandler eine Frequenz von über 1 MHz aufweist.

3. Gerät gemäß einem der vorhergehenden Ansprü-
che, wobei das Flüssigkeitszuführsystem konstruiert
und eingerichtet ist, um einen Strom von Flüssigkeit
über die Oberfläche bereitzustellen.

4. Gerät gemäß einem der vorhergehenden Ansprü-
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che, wobei der Megaschallwandler in einem Reini-
gungsmodus der Oberfläche zugewandt positioniert
ist, so dass Schallwellen auf einem Sichtlinienweg
auf die zu reinigende Oberfläche gerichtet werden.

5. Gerät gemäß einem der vorhergehenden Ansprü-
che, das ferner eine Steuereinheit beinhaltet, die
konfiguriert ist, um das Bad bis zu der gewissen Hö-
he mit Flüssigkeit zu füllen.

6. Gerät gemäß Anspruch 5, wobei der Megaschall-
wandler in einem Boden des Bads positioniert ist,
um weggerichtet von dem Boden des Bads Schall-
wellen in einer Flüssigkeit in dem Bad zu induzieren.

7. Gerät gemäß einem der vorhergehenden Ansprü-
che, wobei der Megaschallwandler relativ zu der
Oberfläche bewegbar ist.

8. Gerät gemäß einem der vorhergehenden Ansprü-
che, das ferner eine Abschirmung beinhaltet, um ein
optisches Element des Projektionssystems gegen
Megaschallwellen, Flüssigkeit oder beides abzu-
schirmen.

9. Gerät gemäß einem der vorhergehenden Ansprü-
che, das ferner eine Pumpe zum Erzeugen eines
Stroms der Flüssigkeit zwischen dem Megaschall-
wandler und der zu reinigenden Oberfläche beinhal-
tet.

10. Gerät gemäß einem der vorhergehenden Ansprü-
che, wobei das Flüssigkeitszuführgerät eine Steuer-
einheit zum Steuern des pH-Wertes und/oder einer
Elektrolytenkonzentration in der Flüssigkeit beinhal-
tet.

11. Gerät gemäß einem der vorhergehenden Ansprü-
che, wobei der Megaschallwandler relativ zu der
Oberfläche bewegbar ist, so dass in einem Reini-
gungsmodus zwischen dem Megaschallwandler
und der Oberfläche ein direkter, gerader Weg durch
die Flüssigkeit besteht; und der Megaschallwandler
und die Oberfläche einander in dem Reinigungsmo-
dus in einer Entfernung von weniger als 50 mm zu-
gewandt sind.

12. Gerät gemäß einem der vorhergehenden Ansprü-
che, das ferner eine Gaszufuhr beinhaltet, die kon-
figuriert ist, um Gas in die Flüssigkeit einzuführen.

13. Gerät gemäß Anspruch 12, wobei das Gas aus der
Gruppe: N2, CO2, O2, O3, H2, das Wasser enthält,
oder einer Mischung dieser Gase ausgewählt ist.

14. Gerät gemäß einem der vorhergehenden Ansprü-
che, das ferner einen Tensidzuführer beinhaltet, um
der Flüssigkeit ein Tensid zuzuführen, und/oder ei-

nen Wasserstoffperoxidzuführer, um der Flüssigkeit
H2O2 zuzuführen.

15. Gerät gemäß einem der vorhergehenden Ansprü-
che, wobei der Megaschallwandler eine Frequenz
von 3 MHz oder weniger aufweist.

16. Ein Verfahren zum Reinigen einer Oberfläche eines
immersionslithographischen Projektionsgeräts, das
Folgendes beinhaltet:

Bedecken der zu reinigenden Oberfläche mit
Flüssigkeit, indem Flüssigkeit aus einem Flüs-
sigkeitszuführsystem, das konstruiert und ein-
gerichtet ist, um zwischen einem Megaschall-
wandler und der zu reinigenden Oberfläche
Flüssigkeit zuzuführen, zugeführt wird, wobei
das Flüssigkeitszuführsystem ein Bad beinhal-
tet, wobei das Bad zu einer Reinigungsposition
unter dem Projektionssystem bewegt wird, um
die Unterseitenoberfläche des Flüssigkeitsbe-
grenzungssystems zu umgeben;
Einführen von Megaschallwellen mit einer Fre-
quenz von über 750 kHz von dem Megaschall-
wandler in die Flüssigkeit, wobei die Oberfläche
eine Unterseitenoberfläche eines Flüssigkeits-
begrenzungssystems ist, das konstruiert ist, um
zwischen dem Projektionssystem und einem zu
belichtenden Substrat Flüssigkeit bereitzustel-
len, so dass die ganze Unterseite der Oberflä-
che gereinigt wird; und
wobei Flüssigkeit in dem Bad eine gewisse Hö-
he an Flüssigkeit aufweist, die unter dem Boden
des Projektionssystems, aber über einer Boden-
oberfläche des Flüssigkeitsbegrenzungssy-
stems liegt.

17. Verfahren gemäß Anspruch 16, wobei die Mega-
schallwellen eine Frequenz von über etwa 1 MHz
aufweisen.

18. Verfahren gemäß Anspruch 16 oder 17, wobei die
Megaschallwellen unter Verwendung eines Mega-
schallwandlers eingeführt werden, und das das Be-
wegen des Megaschallwandlers relativ zu der zu rei-
nigenden Oberfläche beinhaltet.

19. Verfahren gemäß einem der Ansprüche 16-18, wo-
bei die Megaschallwellen unter Verwendung eines
Megaschallwandlers eingeführt werden, und das fer-
ner das Neigen des Megaschallwandlers, so dass
die Megaschallwellen in einem benutzerdefinierten
Winkel auf die zu reinigende Oberfläche auftreffen,
beinhaltet.

20. Verfahren gemäß Anspruch 19, wobei die Mega-
schallwellen senkrecht auf die zu reinigende Ober-
fläche auftreffen.
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21. Verfahren gemäß einem der Ansprüche 16-20, das
das Bewegen der Flüssigkeit, die die zu reinigende
Oberfläche bedeckt, über die Oberfläche beinhaltet.

22. Verfahren gemäß einem der Ansprüche 16-21, das
das Positionieren des Megaschallwandlers in einem
Reinigungsmodus, so dass er der Oberfläche zuge-
wandt ist, beinhaltet, so dass Megaschallwellen auf
einem Sichtlinienweg auf die zu reinigende Oberflä-
che gerichtet werden.

23. Verfahren gemäß einem der Ansprüche 16-22, das
ferner das Einführen von Gas in die Flüssigkeit be-
inhaltet.

24. Verfahren gemäß einem der Ansprüche 16-23, das
ferner das Einführen eines Tensids in die Flüssigkeit
beinhaltet.

25. Verfahren gemäß einem der Ansprüche 16-24, das
ferner das Bewegen der Flüssigkeit zwischen der zu
reinigenden Oberfläche und dem Megaschallwand-
ler beinhaltet.

26. Verfahren gemäß einem der Ansprüche 16-25, das
ferner das Bereitstellen der Flüssigkeit mit einem
vorgegebenen pH-Wert und/oder mit einer Konzen-
tration eines Elektrolyten beinhaltet.

27. Verfahren gemäß Anspruch 26, wobei der vorgege-
bene pH-Wert und/oder die Konzentration derart ist,
dass das Zeta-Potential der zu reinigenden Oberflä-
che und zu entfernender Partikel auf der Oberfläche
nicht von unterschiedlicher Polarität ist.

Revendications

1. Un appareil de projection lithographique à immer-
sion comprenant :

une table porte-substrat construite et arrangée
pour porter un substrat ;
un système de projection configuré pour projeter
un faisceau de rayonnement à motif sur le
substrat ;
un transducteur mégasonique destiné à produi-
re des ondes mégasoniques à une fréquence
supérieure à 750 kHz,
configuré pour nettoyer une surface ; et
un système d’alimentation en liquide construit
et arrangé pour amener du liquide entre le trans-
ducteur mégasonique et la surface devant être
nettoyée, dans lequel ladite surface est une sur-
face de dessous d’un système de confinement
de liquide qui est construit pour fournir du liquide
entre le système de projection et un substrat de-
vant être exposé, et dans lequel le système d’ali-

mentation en liquide comprend un bain de façon
que ledit appareil soit construit et arrangé de
telle sorte que la totalité du dessous puisse être
nettoyée, le bain pouvant être déplacé à une
position de nettoyage sous le système de pro-
jection, afin d’enfermer la surface de dessous
dudit système de confinement de liquide,
caractérisé en ce que le liquide dans le bain
présente un certain niveau qui est en dessous
du fond du système de projection mais en des-
sus d’une surface de fond du système de con-
finement de liquide.

2. L’appareil de la revendication 1, dans lequel le trans-
ducteur mégasonique a une fréquence supérieure à
1 MHz.

3. L’appareil de n’importe laquelle des revendications
précédentes, dans lequel le système d’alimentation
en liquide est construit et arrangé pour fournir un
écoulement de liquide sur ou par-dessus la surface.

4. L’appareil de n’importe laquelle des revendications
précédentes, dans lequel le transducteur mégaso-
nique est positionné, dans un mode nettoyage, pour
qu’il soit en regard de la surface de telle sorte que
des ondes soniques soient dirigées selon un trajet
en visibilité directe vers la surface devant être net-
toyée.

5. L’appareil de n’importe quelle revendication précé-
dente comprenant de plus un dispositif de contrôle
configuré pour remplir le bain de liquide jusqu’au cer-
tain niveau.

6. L’appareil de la revendication 5, dans lequel le trans-
ducteur mégasonique est positionné dans un fond
du bain pour induire des ondes soniques, dirigées
de façon à les éloigner du fond du bain, dans du
liquide dans le bain.

7. L’appareil de n’importe laquelle des revendications
précédentes, dans lequel le transducteur mégaso-
nique peut être déplacé par rapport à la surface.

8. L’appareil de n’importe laquelle des revendications
précédentes, comprenant de plus un écran pour pro-
téger un élément optique du système de projection
des ondes mégasoniques, du liquide ou des deux.

9. L’appareil de n’importe laquelle des revendications
précédentes, comprenant de plus une pompe des-
tinée à créer un écoulement dudit liquide entre ledit
transducteur mégasonique et la surface devant être
nettoyée.

10. L’appareil de n’importe laquelle des revendications
précédentes, dans lequel ledit appareil d’alimenta-
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tion en liquide comprend un dispositif de contrôle
destiné à contrôler le pH et / ou la concentration
d’électrolyte dans ledit liquide.

11. L’appareil de n’importe quelle revendication précé-
dente, dans lequel le transducteur mégasonique
peut être déplacé par rapport à la surface, de telle
sorte que, dans un mode nettoyage, un trajet recti-
ligne direct au travers du liquide existe entre le trans-
ducteur mégasonique et la surface ; et dans le mode
nettoyage, le transducteur mégasonique et la surfa-
ce se font face à une distance inférieure à 50 mm.

12. L’appareil de n’importe laquelle des revendications
précédentes, comprenant de plus une alimentation
en gaz configurée pour introduire du gaz dans le
liquide.

13. L’appareil de la revendication 12, dans lequel le gaz
est sélectionné dans le groupe : N2, CO2, O2, O3,
H2 contenant de l’eau ou un mélange de ces gaz.

14. L’appareil de n’importe laquelle des revendications
précédentes, comprenant de plus un dispositif d’ali-
mentation en tensioactif pour amener du tensioactif
au liquide et / ou un dispositif d’alimentation en pe-
roxyde d’hydrogène pour amener du H2O2 au liqui-
de.

15. L’appareil des revendications précédentes, dans le-
quel le transducteur mégasonique a une fréquence
de 3 MHz ou moins.

16. Une méthode pour nettoyer une surface d’un appa-
reil de projection lithographique à immersion, com-
prenant le fait de :

recouvrir la surface devant être nettoyée de li-
quide en amenant du liquide à partir d’un systè-
me d’alimentation en liquide construit et arrangé
pour amener du liquide entre un transducteur
mégasonique et la surface devant être nettoyée,
le système d’alimentation en liquide comprenant
un bain, ledit bain étant déplacé à une position
de nettoyage sous le système de projection, afin
d’enfermer la surface de dessous dudit système
de confinement de liquide ;
introduire des ondes mégasoniques ayant une
fréquence supérieure à 750 kHz provenant du
transducteur mégasonique dans le liquide, dans
laquelle ladite surface est une surface de des-
sous d’un système de confinement de liquide
qui est construit pour fournir du liquide entre le
système de projection et un substrat devant être
exposé, si bien que la totalité du dessous de la
surface est nettoyée ; et
dans laquelle du liquide dans ledit bain présente
un certain niveau de liquide qui est en dessous

du fond du système de projection mais en des-
sus d’une surface de fond du système de con-
finement de liquide.

17. La méthode de la revendication 16, dans laquelle
les ondes mégasoniques ont une fréquence supé-
rieure à 1 MHz environ.

18. La méthode de la revendication 16 ou la revendica-
tion 17, dans laquelle les ondes mégasoniques sont
introduites à l’aide d’un transducteur mégasonique
et comprenant le fait de déplacer le transducteur mé-
gasonique par rapport à la surface devant être net-
toyée.

19. La méthode de n’importe laquelle des revendica-
tions 16 à 18, dans laquelle les ondes mégasoniques
sont introduites à l’aide d’un transducteur mégaso-
nique et comprenant de plus le fait d’incliner ledit
transducteur mégasonique de telle sorte que lesdi-
tes ondes mégasoniques soient incidentes à un an-
gle défini par l’utilisateur relativement à la surface
devant être nettoyée.

20. La méthode de la revendication 19, dans laquelle
les ondes mégasoniques sont incidentes de manière
perpendiculaire relativement à la surface devant être
nettoyée.

21. La méthode de n’importe laquelle des revendica-
tions 16 à 20, comprenant le fait de déplacer le liqui-
de recouvrant la surface devant être nettoyée sur ou
par-dessus la surface.

22. La méthode de n’importe laquelle des revendica-
tions 16 à 21, comprenant le fait de positionner le
transducteur mégasonique, dans un mode nettoya-
ge, pour qu’il soit en regard de la surface de telle
sorte que les ondes mégasoniques soient dirigées
selon un trajet en visibilité directe vers la surface
devant être nettoyée.

23. La méthode de n’importe laquelle des revendica-
tions 16 à 22, comprenant de plus le fait d’introduire
du gaz dans le liquide.

24. La méthode de n’importe laquelle des revendica-
tions 16 à 23, comprenant de plus le fait d’introduire
un tensioactif dans le liquide.

25. La méthode de n’importe laquelle des revendica-
tions 16 à 24, comprenant de plus le fait de déplacer
ledit liquide entre ladite surface devant être nettoyée
et ledit transducteur mégasonique.

26. La méthode de n’importe laquelle des revendica-
tions 16 à 25, comprenant de plus le fait de fournir
le liquide à un pH prédéterminé et / ou avec une
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concentration d’un électrolyte.

27. La méthode de la revendication 26, dans laquelle le
pH prédéterminé et / ou la concentration sont tels
que le potentiel zêta de ladite surface devant être
nettoyée et des particules sur ladite surface devant
être retirées n’est pas de polarité différente.

25 26 



EP 1 860 507 B1

15



EP 1 860 507 B1

16



EP 1 860 507 B1

17



EP 1 860 507 B1

18



EP 1 860 507 B1

19

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 4509852 A [0004]
• WO 9949504 A [0005]
• EP 1420300 A [0007]
• US 20040136494 A [0007]
• US 20060103818 A [0009]

• EP 1486827 A2 [0010]
• US 20060028628 A [0011]
• EP 1777589 A2 [0012]
• JP 2006032750 A [0013]
• US 20040207824 A [0045]


	bibliography
	description
	claims
	drawings

